Introduction
The ground source heat pump (GSHP), as an energy-saving air conditioning technique, is utilizing the renewable ground thermal power that comes from solar energy. Lots of research were carried out about the ground source heat pump. The focus of the research contents are similar. In the areas with hot summer and cold winter, the soil cold or heat accumulation of GSHP system has been the hot issue. As the load imbalance in winter and summer, the underground energy injection and absorption of GSHP system are inequality. The long-running of GSHP system will lead to the underground heat accumulation phenomenon.
In order to solve the problem of the soil heat accumulation, the change of soil temperature should be understood first. Only through simulation can let us know about long-term changes in soil temperature in a short time. To establish a correct model is the key of the simulation. In the 1940 s, line heat source model was put forward for the first time by Ingersoll [1] . The line heat source model is the basic idea of buried pipe that heat exchanger is supposed as a infinite long, constant heat flux line heat source, and its heat transfer is one dimensional unsteady heat conduction problems. Kavanaugh put forward a cylindrical source model that make cylindrical heat source solution to determine the single tube heat transfer rate of the soil around and the temperature as exact solution [2] . The cylindrical source model has higher simulation accuracy than line heat source model. The results are more credibility [3] . So this model was applied to analyze the heat transfer process between the underground pipes and the soil in this paper.
Simulation of the heat transfer between the underground pipes and the soil
The Mathematical Model. The thermal physical properties of the soil vary with depth. There are many factors that can influence the thermal physical properties, and the soil stratification of the thermal properties is obvious. The simplified model for convenience of simulation analysis was made in this paper. It assumes that thermal physical properties of the soil around the buried pipe are uniform; The influence of the groundwater seepage is ignored; Buried pipe contact well with soil; The heat exchange between buried pipe and soil is constant; The heat flux on the surface of the buried pipe is seen as an inner heat source overlying soil lateral heat dissipation, and the inner heat source is evenly distributed in buried pipe [4] [5] . The U-tube heat exchanger is replaced by equivalent single tube heat exchanger. Pipe diameter is given as the following formula [6] ,
（1）
D is the diameter of U-tube. If it is single U-tube heat exchanger, n is equal to two; if it is double U-tube heat exchanger, n is equal to four. The equivalent physical model is shown in Fig.1 .
The Initial Conditions and Boundary Conditions. The initial soil temperatures around the buried tube at different depths were set the same at 18.75˚C according to the buried pipe area. There is no heat transfer between air and surface soil. The space between boreholes is 3 to 6 meters [7] . The distance of the farthest border is 6 meters. The constant temperature of the boundary is 18.75˚C [8] . There are three boundares in the heat transfer simulation between the underground pipe and soil. One is the ground, the others are the radial and axial boundaries. The data of the ground temperature come from the hourly ground average temperature in the typical meteorological years. It is selected according to the experiment time of ground source heat pump [9] . The temperature of the radial boundary is expressed as the formula below [10] .
The temperature of the axial boundary is expressed as the formula below.
Experimental verification of the model Experimental Platform of Soil Source Heat Pump. The laboratory of the ground source heat pump located in the campus of Wuhan University of Science and Technology. Data acquisition systems are divided into two parts, which are the independent research and development of ground source heat pump energy efficiency monitoring system and the underground soil temperature monitoring system. There are sixteen vertical buried tubes and two horizontal buried pipes. The sixteen buried tubes are divided into three buried-districts. All of the depths of the sixteen pipes are 100 meters. The backfill materials are virgin pulp and yellow sand with 1:1 proportion of mixture. Verification of the Results of the Simulation. The ground source heat pump system starts intermittent operation from 20th July, 2015. The operation time of the system is 8:00-17:00 every day.
International
The number one buried pipe in first buried-districts was simulated in this paper to explore the change of soil temperature near the tube from July 20th to August 5th. The model was validated by comparing the experimental data with the simulation of soil temperature around buried pipes.
The experimental values of soil temperature and the simulation values of the soil embedded depth of 100 meters in July 28th and August 2nd are analyzed in this paper. The comparing results are shown in Fig.2 and Fig.3 .
The above figures show that the simulation values and experimental values are very close in July 28th and August 2nd. The change trend of temperatures is consistent. The average errors of simulation values are 0.7% and 0.8% in the two days. The maximum deviation between simulated temperatures and real temperatures is 0.3˚C. The average temperature deviation is lower than 0.2˚C. It can be seen from the above analysis that the cylindrical source model is reasonable. There is high precision and reliability in the simulating results of the buried pipes.
Research of soil temperature recovery ability
Further simulation was made about the heat transfer of three buried pipes, which are number one pipe in the first buried-district, number six pipe in the second district and number twelve pipe in the third district respectively. It is supposed that the calculating period for heating is from December 15th to March 15th of the next year, and the calculating period for cooling is from June 1st to September 30th according to heating and cooling demands of Wuhan. Since the heating period is from December to February next year, the GSHP system runs in this period. The soil temperature drops significantly because of the heat exchanger. The system doesn't run from March to May. This period is known as the first transition in this paper. The soil is in a state of heat recovery. The temperature of the soil rises at the rate of 0.5 ˚C per month. The system begins to run again after June. The cooling period is from June to September. And the soil temperature rises quickly in this period. When it comes to October, the temperature begins to drop after the system stops running. It is known that the second transition is from October to December in this paper. The soil is in a state of cold recovery and the temperature of the soil drops at the rate of 0.6 ˚C per month.
The soil temperatures from January to August in 2014 and in 2015 are compared in this paper to investigate the change of the temperatures over time. The temperature at the depth of 80 meters is analyzed because the surface temperature is strongly influenced by the weather. The comparing results are clearly shown in Fig.7 .
International Forum on Energy, Environment Science and Materials (IFEESM 2015) Comparing with the soil temperatures in 2014, the soil temperature in 2015 increase by an average of 0.2 ˚C. It's the result that the cooling load in summer is greater than the heating load in winter in Wuhan. The excess heat in soil leads to the rise of the soil temperature. Therefore the soil temperature will get more and more high, and the system gradually becomes less efficient.
The above analyses represent that there is a trend that soil temperature will return to the original temperature during the transition period. So the underground thermal balance can be adjusted according to the ability of soil recovery. If the using time of air conditioning is reduced in an appropriate range in summer, that is to extend the second transition, the soil temperature will be balanced in theory. But the demanding time for air-conditioner is hard to change because of hot weather, so applying this method is impossible. On the other hand, if the first transition can be shortened, the heat recovery will be reduced. It's conducive to maintain the underground thermal balance. For example, if the air-conditioner is not needed any more in winter, the underground heat can be used to get hot water.
Conclusions
It is feasible to use the cylindrical source model to simulate the heat transfer between the underground pipes and the soil. And the results have higher accuracy and credibility.
The problem of the imbalance between cooling load and heating load in Wuhan is obvious. The soil temperature increases at an annual rate of 0.2˚C. If this problem cannot be solved properly, the temperature of underground soil will gradually rise inevitably, and it will affect the normal operation of GSHP system. The soil temperature has a tendency to return to the original temperature in the two transitions without using GSHP. In the first transition, the temperature of the soil rises at the rate of 0.5˚C per month. In the second transition, it reduces at the rate of 0.6˚C per month. It's conducive to maintaining the underground thermal balance to shorten the first transition.
